Pertrochanteric fractures are a rising major health-care problem in the elderly and their operative stabilisation techniques are still under discussion. Furthermore, complications like cut-out are reported to be high and implant failure often is associated with poor bone quality. The PFNA 1 with perforated blade offers a possibility for standardised cement augmentation using a polymethylmethacrylate (PMMA) cement which is injected through the perforated blade to enlarge the load-bearing surface and to diminish the stresses on the trabecular bone. The current prospective multicentre study was undertaken to evaluate the technical performance and the early clinical results of this new device.
In nine European clinics, 59 patients (45 female, mean age 84.5 years) suffering from an osteoporotic pertrochanteric fracture (Arbeitsgemeinschaft fü r Osteosynthesefragen, AO-31) were treated with the augmented PFNA
1
. Primary objectives were assessment of operative and postoperative complications, whereas activities of daily living, pain, mobility and radiologic parameters, such as cement distribution around the blade and the cortical thickness index, were secondary objectives.
The mean follow-up time was 4 months where we observed callus healing in all cases. The surgical complication rate was 3.4% with no complication related to the cement augmentation. More than onehalf of the patients reached their prefracture mobility level within the study period. A mean volume of 4.2 ml of cement was injected. We did not find any cut-out, cut through, unexpected blade migration, implant loosening or implant breakage within the study period.
Our findings lead us to conclude that the standardised cement augmentation using the perforated blade for pertrochanteric fracture fixation enhances the implant anchorage within the head-neck fragment and leads to good functional results.
ß 2011 Elsevier Ltd. All rights reserved.
Several biomechanical investigations on human cadaveric proximal femoral fractures showed a higher cut-out resistance when the device was augmented with polymethylmethacrylate (PMMA) cement. 13, 14 Augmentation of fixation devices enlarges the bone-implant interface and leads to a higher stability also in clinical use. 10, [15] [16] [17] [18] [19] [20] [21] A main problem regarding augmentation at the hip was the lack of a device for controlled cement placement around the implant. 22 Furthermore, the discussion about cement-related disturbance of the bone metabolism is ongoing. 13, 23, 24 However, several studies report no damage to the cartilage or the bone itself by cement augmentation. [25] [26] [27] [28] The current prospective multicentre study was undertaken to evaluate the early clinical results and the technical performance of the new standardised augmentation for the PFNA blade. To our knowledge, this is the first report on this device.
Materials and methods
The study was performed at nine orthopaedic departments between October 2009 and July 2010. The inclusion criteria were as follows: pertrochanteric fracture (Arbeitsgemeinschaft fü r Osteosynthesefragen/Orthopaedic Trauma Association, AO/OTA 31A), age 65 years and above, low-energy trauma and signed informed consent. Patients with a pathological fracture, any patients with active malignancy, organ transplantation or infection were excluded. The ethical commission approved the study and every single patient signed the informed consent form. A total number of 78 patients have been included. Nine (11.6%) cases were lost to follow-up due to concurrent indisposition or weakness, which made an additional evaluation impossible. Ten patients died for reasons not related to the surgical procedure. The remaining 59 patients were followed up according to the study protocol.
Operative technique
The Proximal Femur Nail Antirotation (PFNA, Synthes 1 , Switzerland) is available in four sizes (standard, small, XS and long) with right and left options for the long nail. The perforated blade ( Fig. 1) has three holes at every deepening of the helix. A side-opening cannula (Fig. 2 ) allows for deliberate cement placement through the holes of the blade. Augmentation is performed with a high-viscosity PMMA cement (Traumacem, Synthes 1 , Switzerland). Fracture reduction and implantation of the PFNA are performed as previously reported 7, 9 and, instead of the standard blade, the perforated blade is used. It is of utmost importance to not perforate the femoral head when drilling the kwire to determine the position of the helical blade. At the end of the usual procedure and before augmentation, a perforation in the joint has to be excluded to avoid a leakage. Therefore, the sideopening cannula is inserted into the PFNA blade and some customary water-soluble contrast medium is applied with a usual syringe. If there is no contrast fluid leakage into the hip joint detected, the procedure is to be continued. Fig. 3 shows the typical distribution of the contrast medium (a) and a case of leakage (b). The cement is mixed as suggested by the manufacturer and filled into syringes with a standardised set. The side-opening cannula has to be primed with 3 ml of cement. The syringes are then attached to the side-opening cannula and the cement is injected under fluoroscopic control. During injection, the side-opening cannula can be rotated to place the cement in different directions. After finishing the injection, the cannula has to be removed. The augmentation process lasts around 10-15 min. Fig. 4 shows a representative case of standardised cement augmentation of the perforated PFNA blade in a 87-year-old lady with an unstable pertrochanteric fracture.
Outcome parameters
The WHO Performance Score 29 was used to measure the quality of life before and after the fracture. It consists of five levels in which 0 means full activity without restriction and 4 means completely disabled and totally confined to bed or chair. The Parker Mobility Score 30 was used to assess the walking ability before the accident and at follow-up. The particular capability to walk inside, walk outside and having social contact is evaluated in four levels with ''no difficulty,'' ''alone,'' ''with help from another person'' and ''not at all.'' A maximum of 9 points means unlimited walking ability. In addition, the use of a walking aid was documented for every patient before and after the accident. Pain was assessed using the visual analogue scale (VAS), as previously described 31 and widely known. The VAS was found to have good measurement properties assessing pain in hip fracture patients. 32 On the preoperative X-rays, the fracture pattern and the cortical thickness index 33 were assessed. The cortical thickness index shows a significant positive correlation with the T-Score of the femoral neck 34 and was therefore used to classify the local bone quality in our study population. A cortical thickness index lower than 0.40 (lateral film) and 0.50 (anterioposterior (ap) film) has been described as a threshold for osteoporosis where all measured femora had a local bone mineral density lower than 2.5 standard deviations below the peak bone mass, which is the World Health Organization (WHO) definition of osteoporosis. 34 On the postoperative X-rays, we evaluated the quality of fracture reduction as anatomic (no displacement), near-anatomic (<3 mm displacement or 5-108 varus/valgus and/or anteversion/ retroversion) or non-anatomic (>3 mm displacement or >108 varus/valgus and/or anteversion/retroversion). 6, 9 Furthermore, the position of the PFNA blade was evaluated and categorised, as previously described 6, 7 by dividing the femoral head into superior, central and inferior thirds on the ap radiograph and into anterior, central and posterior thirds on the lateral radiograph (Fig. 5) . Cement distribution was measured in relation to the blade. Therefore, the plain X-rays in both ap and lateral view were assessed by using the software Osirix TM , which allows drawing the borders of the cement and calculating the square centimetres of the marked area. The blade was subdivided in its middle in longitudinal direction to measure the distribution of cement above and below the blade as well as centrally in the ap radiograph, in which 'centrally' means the area 'b' in Fig. 6 from the tip of the blade towards the pelvis in the longitudinal direction of the blade. Measurements in the lateral radiograph were conducted ventrally, dorsally and again centrally to the blade. The areas were calculated in relation to the area of the femoral head (Fig. 6) . Furthermore, the amount of injected cement was documented. On the follow-up Xrays, signs of fracture healing were assessed. The migration of the blade within the head-neck fragment and the lateral blade migration were measured as previously described. 35, 36 Intra-operative complications included any unforeseen event during the augmentation, such as perforation with the guide wire into the hip joint and cement leakage. Potential postoperative complications were cutting out of the blade from the femoral head, cutting through the blade centrally, any unexpected blade migration, loosening of the blade, implant breakage, infection, additional fracture or bone-healing disturbances and any other general complication within the follow-up period.
Statistical analysis
Statistical Package for Social Sciences (SPSS) 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. All baseline and follow-up parameters were described using standard descriptive statistics. Metric scaled data are reported as arithmetic mean and categorical data as absolute frequency and percentage distribution. Depending on the distribution form, a t-test for independent variables or a non-parametric Mann-Whitney U test was used. The Kolmogorov-Smirnov test was used to assess the distribution form. A chi-square test or a Fisher's exact test was used to analyse categorical data. The probability level was set as p < 0.05.
Results
To investigate the effect of the standardised cement augmentation, 59 patients were analysed. Mean time to follow-up was 4 months (68-355 days). The demographics are shown in Table 1 . Associated injuries were noted in two patients. The majority of the patients sustained an unstable pertrochanteric fracture (A2/3; 74.5%). Only 20.3% were independently mobile (Parker Score 9) before their fracture. Mean Parker scores were 4.5 before the fracture and 3.8 at follow-up. At the follow-up, 55.3% reached the same or even a better Parker score. Mean VAS at follow-up was 0.9. All patients were osteoporotic, whereas the mean cortical thickness index (CTI AP) was 0.47. In 33.9%, the postoperative X-rays showed an anatomic reduction. In 57.6%, reduction was near-anatomic and non-anatomic in 8.5%. An open reduction was necessary in three cases, whereas in two cases subtrochanteric cerclage wires were used to stabilise the reduction without removal. In 61%, the blade could be placed in an ideal position, that is, centre-centre of the head (Fig. 4) . There was one patient with a postoperative bleeding and one with a rotational deformity, both necessitating a re-operation.
The only intra-operative complication reported was a perforation of the k-wire into the hip joint. It was detected by instilling the contrast medium (Fig. 3(b) ). Consequently, no cement augmentation was performed in this patient. For the presented study, cement application was rated as ''good'' or ''excellent'' in 84.7%.
In two cases, the augmented PFNA was used as a salvage procedure in failure cases. One was a failed gamma nail with lagscrew loosening in an A3 fracture. In this case, the gamma nail was removed 6 weeks after implantation and an augmented PFNA procedure was performed without complications. Follow-up examination after 4 months showed fracture union without any further problems (Fig. 7) . The other case was a malreduced A3 fracture, where the PFNA was inserted at a wrong entry point and poorly positioned. In this second case, an impending cut-out was intended to be avoided with the standardised augmentation 2 weeks after the primary surgical intervention. Unfortunately, the patient died after 6 weeks due to a pre-existing renal insufficiency. Follow-up 4 weeks after the revision surgery showed no further dislocation apart from a lateral blade migration.
A mean of 4.2 ml of cement was injected and the cement distribution around the blade was almost homogeneous ( Table 2) . At follow-up, all fractures showed a callus formation. We could not detect any sign of osteonecrosis of the femoral head or lysis around the cement. According to the above-mentioned method, 35, 36 there was no implant migration (e.g., migration of the blade related to the femoral head) measurable aside from lateral blade migration. We did not find any cut-out, cut through, unexpected blade migration, implant loosening or implant breakage within the study period.
Discussion
The PFNA was proved to be a stable implant for the treatment of proximal femoral fractures. [7] [8] [9] 37 Nevertheless, there are complications such as cutting out of the femoral head or blade loosening reported in the literature. [7] [8] [9] All these complications are catastrophic failures for these patients due to the necessity of reoperation. As most of these fractures occur in the elderly, these failures are even more severe due to the patients' co-morbidities and their inability to counterbalance, which comes along with a high perioperative morbidity and mortality. The surgical complication rate in the presented study was 3.4%, with no complication related to the cement augmentation. This is an acceptable rate compared with other reports in the literature. 8, 9 We did not find any cut-out or cutting through of the blade, unexpected blade migration and loosening of the blade. Implantrelated complications in proximal femoral fractures needing revision surgery, such as a cut-out of the implant through the femoral head, are reported to be as high as 16%. 2, 10, 38, 39 Recent findings dealing only with the PFNA report about a cut-out rate of 2% 8 and 3.6%. 7 We did not find any cut-out or cutting through of the blade, unexpected blade migration and loosening of the blade. Therefore, our findings make us believe that an additional cement augmentation can avoid a cut-out in these fractures; but it has to be noted that our series is possibly too small to conclude this. Postoperatively, we observed one case of a fall-related additional femoral fracture at the tip of the nail. In this case, the short nail was changed to a long nail and both the removal and the new implantation of the blade was performed without any problem. The blade-PMMA interface broke and there were not more force needed to remove the blade. The new blade was inserted in the same position and there was no additional augmentation done. Unfortunately, the patient died 4 weeks after the second operation due to myocardial infarction.
In our study, 55.3% reached their prefracture functional level within the study period. In this context, we have to note that the mean age of our study population was 84.5 years and these patients have many co-morbid conditions. [40] [41] [42] [43] These co-morbidities influence the recovery of the patients 41 and compared with the literature, [7] [8] [9] this is a satisfying outcome.
According to cortical thickness measurements proposed by Sah et al., 34 all our patients suffered from osteoporosis. We have observed that the distribution of the cement was almost homogeneous. However, it was not possible to guide the cement into a predetermined area with the used side-opening cannula. A mean amount of 4.2 ml cement was used to augment the perforated blade. The distribution of the cement was influenced only in cases with severe osteoporosis in the way that we could observe a higher fraction central of the tip of the blade towards the hip joint. It has to be noticed that a subchondral presence of the PMMA could possibly influence the overlying cartilage. 44 We did not find any correlation with the amount of injected cement and pain or mobility at follow-up. Due to an exothermic reaction during PMMA cement polymerisation, it is suspected that local bone damage may be induced. 24 In our series, we did not find any radiological signs of bone necrosis. This supports the theory that there is no thermal damage to the bone due to the exothermic reaction of the PMMA in a standardised augmentation setting with only a small amount of cement injected. 26, 28 The mean cement volume of 4.2 ml used in our study was able to increase stability in biomechanical investigations. 14, 20, 23, 26 However, with this small amount of cement damage to the bone is unlikely. 14 In this context, it has to be mentioned that our follow-up time could be too short for a statement about bone necrosis, as several authors report the time to onset up to 3 years after the fracture. 45, 46 Within the study period, all fractures were healed and we did not find any bonehealing disturbance. Therefore, we state that the new standardised technique is a safe method compared with other published cement augmentation techniques. 10, [16] [17] [18] [19] [20] [21] 47 The main limitations of this study were the lack of a control group and the inclusion of stable pertrochanteric fractures. However, the feasibility of the new standardised augmentation was proved. The indication for the augmentation is not clear yet and we support the opinion that the good results with the PFNA in previous studies result from achieving a good fracture reduction and careful implant placement. 7, 8, 48 We think that a severe osteoporosis could be a possible indication but there are probably more concomitant patient-related factors to be considered. From the socioeconomic perspective also, additional costs have to be mentioned. An analysis of failure cases and a prospective, randomised trial comparing geriatric patients with unstable pertrochanteric fractures with a PFNA either with or without augmentation would probably give us more hints to find the patients at risk and to define the indications for augmentation.
Conclusion
The standardised augmentation of the perforated PFNA blade is a safe and user-friendly tool for pertrochanteric fracture fixation. It prevents blade migration within the head-neck fragment and leads to good functional results. These impressions should be proven by a randomised trial comparing the PFNA with and without augmentation.
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